Background: With the rapid aging of the general population, the number of pituitary adenoma (PA) diagnosed in elderly patients is increasing. The aim of this study was to evaluate the efficacy of endoscopic endonasal transsphenoidal surgery (ETSS) for PA in patients aged ≥80 years. Methods: We retrospectively reviewed the medical records of all patients aged ≥80 years who underwent ETSS for PA at our hospital from January 2001 through December 2014. Treatment results were assessed by the extent of surgical removal, symptom improvement, postoperative complications, and Karnofsky performance status (KPS). The results were also compared with the surgical result of PA patients aged <80 years. Results: Twelve patients aged ≥80 years underwent ETSS for PA. Recovery of visual function was observed in 11 patients (91.7%). Postoperative cerebrospinal fluid (CSF) leakage was observed in 3 patients. New hormonal replacement therapy was required in 2 patients. These complications had not affected patient prognosis. During the follow-up periods, deterioration of KPS was observed in 2 patients due to pneumonia or cerebral infarction. In total, 150 PA patients aged <80 years were compared with the patients aged ≥80 years. The percentage of total removal was significantly higher in the younger patient group than that in the older one (54.0% vs 16.6%, respectively; P = 0.016). Visual improvement was observed in 93.2% of the younger patient group, which was almost equal to that in the older one. Conclusion: ETSS is a safe and effective surgical technique in PA patients aged ≥80 years.
INTRODUCTION
In a rapidly aging society such as Japan, the population at least 75 years of age is currently increasing at the fastest pace ever and is expected to increase to 2.179 million (18.1%) by 2025. [20] Thus, indications for the treatment of elderly patients start to come under discussion.
Pituitary adenoma (PA) is the third most common intracranial tumor, accounting for 15-20% of all primary intracranial tumors. [4, 21] In addition, PA is one of the common postmortem findings. [27] Autopsy studies of elderly patients aged 80 years or older revealed that the prevalence of PA was 14.4%. [13] As the population becomes older, the proportion of elderly patients diagnosed with PA continues to rise. Although elderly patients usually present several comorbidities and higher odds for postoperative complications when undergoing neurosurgical operation, those with visual or neurological alterations or with symptoms secondary to hormonal dysfunction should be considered for surgical treatment. [10, 12] In our hospital, we have performed a total of 3880 neurosurgical operation from January 2001 through December 2014. Patients were aged 80 years or older in 173 cases (4.5%). PA accounted for 365 cases in total, among which the patients were aged 80 years or older in 12 cases (3.3%). This ratio must not be viewed as unimportant.
We usually performed pure endoscopic endonasal transsphenoidal surgery (ETSS) with a bilateral nostril approach for PA. ETSS allows safe and sufficient resection of sellar lesion tumors and is reported to be effective even for elderly patients aged 65-70 years or older. [7, 32] There are several reports on traditional microscopic transsphenoidal surgery for PA patients aged 65-70 years or older. [5, 10, 14, 16, 19, 24, 28, 31] In these reports, transsphenoidal surgery for PA in elderly patients is shown to be generally safe and successful. Yunoue et al. reported the safety and efficacy of endoscopy-assisted microscopic transsphenoidal surgery for patients aged 80 years or older. [31] However, it has not been made clear that performing pure ETSS for PA is effective and safe for patients over 80 years old.
In the present study, we retrospectively analyzed the results of pure ETSS for PA in patients aged 80 years or older. Characteristics of this group were compared with the characteristics of patients younger than 80 years treated in our hospital for PA.
MATERIALS AND METHODS

Patients
This study included all patients aged 80 years or older operated for PA by ETSS at our hospital from January 2001 through December 2014. Multiple surgeries on the same patient were divided into multiple cases because the purpose of this investigation was to evaluate the effectiveness of pure ETSS for PA in patients aged 80 years or older. Surgical indications were presence of neurological signs related to the tumor.
Preoperative assessment
All patients underwent preoperative magnetic resonance imaging (MRI) using a 1.5-or 3.0-T unit with T1-and T2-weighted imaging with or without Gd-based contrast medium. The degree of lateral expansion of the tumor on its prominent side was evaluated by the Knosp grading system. [12] A facial computed tomography (CT) scan was used to evaluate the paranasal sinuses for surgical planning.
Endocrinological tests were routinely done of the basal level of growth hormone (GH), insulin-like growth factor-I, prolactin, thyroid-stimulating hormone (TSH), free thyroxin (FT), adrenocorticotropic hormone (ACTH), free cortisol, luteinizing hormone, follicle-stimulating hormone, estradiol, and testosterone. A hormone loading test was not routinely performed considering the risk of pituitary stroke induced by that test.
The preoperative physical status was evaluated according to the American Society of Anesthesiologists Physical Status (ASA-PS) grading. [22] 
Postoperative assessment
As a postoperative evaluation, we assessed the extent of surgical removal, symptom improvement, postoperative complication, length of postoperative hospital stay, and the Karnofsky performance status (KPS). We classified the extent of surgical removal as total (no residual tumor), subtotal (presence of a residual part but more than 95% removed), and partial (less than 95% removed) on the basis of a postoperative MRI obtained in the immediate postoperative period. KPS was assessed at discharge and every 6 months. The latest KPS was obtained by telephone.
Comparison with patients younger than 80 years old
To investigate the difference in effectiveness of pure ETSS between patients aged 80 years or older and younger than 80 years old, we collected the medical records of all consecutive patients younger than 80 operated for PA by pure ETSS. Patient data collected included age, tumor size, surgical indication, preoperative and postoperative complications, symptom improvement, and length of postoperative hospital stay.
Statistical analysis
Statistical analyses were performed using SPSS software (version 19, IBM Corp.). Results are presented as means ± standard deviations. Clinical variables were compared between patients aged 80 years or older and those younger than 80 by the Fisher exact or Mann-Whitney U tests. The Fisher exact test was used for categorical variables and Mann-Whitney U test for continuous variables. Differences for which the probability values were less than 0.05 were considered statistically significant.
RESULTS
Preoperative clinical characteristics
From January 2001 through December 2014, we performed ETSS on 11 PA patients aged 80 years or older. Among them, 1 patient was re-operated due to regrowth with a visual field defect, so the number of operations was 12. All patients' characteristics are summarized in Table 1 . Cases 8 and 9 were the same patient; case 9 was the second surgery. Our series included 5 men and 6 women, with a mean age of 82.0 ± 2.9 years. Endocrinological investigation revealed that all patients had nonfunctioning PA. Preoperative decrease in the secretion of any pituitary hormone was observed in 6 patients. The mean size of the lesion was 31.9 ± 14.9 mm. Pituitary apoplexy, giant PA (>40 mm), and reoperation due to tumor regrowth with symptom were observed in three lesions each. Knosp grades of II, III, and IV were identified in 6, 1, and 5 patients, respectively. The reasons for surgical treatment were a visual field defect in 9 patients, and external ophthalmoplegia in the other 3 patients.
Patients presented with a high incidence of preoperative comorbidities, including hypertension in 5 patients, cardiac disease in 3 patients, endocrinological disease in 4 patients, respiratory disease in 3 patients, diabetes mellitus in 3 patients, hyperlipidemia in 2 patients, cerebral infarction in 1 patient, dementia in 1 patient, seizure in 1 patient, and joint trouble in 2 patients. There were 2 patients taking antiplatelet agent (cases 7, 11). According to ASA-PS grading, preoperative patients' physical status was categorized into grade 1 (no systemic disease) in 3 patients, grade 2 (mild systemic disease and normal daily life) in 7 patients, and grade 3 (severe systemic disease and possible daily life with support) in 2 patients. Preoperative KPS was 50 in 1 patient (Case 6) due to heart failure and 80 or more in the other patients.
Surgery and results
Results of the surgery are summarized in Table 2 . All patients underwent pure ETSS with a bilateral nostril approach. Mean operating time was 216.6 ± 104.7 minutes. The purpose of the extraction was to decompress the optic nerve first. Basically, surgery was done with the policy to decompress as much as possible within the safe range, not seeking total removal to prevent postoperative complications such as cerebral spinal fluid (CSF) leakage or additional pituitary dysfunction. For that reason, we did not routinely prepare a pedicled mucosal flap to reconstruct the skull base.
In case a large amount of CSF leakage would occur during surgery, we intended to prepare a pedicled mucosal flap, and there was one such case (case 8).
Bony septum was not used for the construction of skull base in subtotal or partial removal cases considering the risk for postoperative hemorrhage compressing the optic nerve.
Among the total of 12 procedures, total removal was done in 2 patients [ Figure 1 ], subtotal removal was done in 3 patients, and the other 7 patients underwent partial 
Neurological and endocrinological outcome
Recovery of visual function was accomplished in 11 patients, but deterioration was observed in 1 patient.
One patient was complicated by incomplete paralysis of the oculomotor nerve that lasted for 1 month. The cause was thought to be compression of the oculomotor nerve by a hematoma formed in the left cavernous sinus at the time of removal of the tumor.
Regarding the endocrinological functions, transient diabetes insipidus (DI) was observed in 2 patients during the hospital stay, but there was no patient in whom desmopressin was needed after discharge. Additional 
Postoperative complication
Postoperative hospital stay ranged from 12 to 41 days with a mean of 19.0 ± 8.5 days. Intraoperative CSF leakage observed in 4 patients (cases 3, 4, 6, 7) was minor, whereas that in 2 patients (cases 7, 8) was moderate. Postoperative CSF leakage was observed in 3 patients (cases 4, 10, 11). In case 4, we only positioned fat graft inside the residual cavity without tight packing because intraoperative CSF leakage was minor and a residual tumor was present. However, postoperative CSF leakage lasted; therefore, we underwent multilayer reconstruction using a nasoseptal pedicled mucosal flap. In cases 10 and 11, we reconstructed the skull base with fat graft and polyglactin acid sheet owing to the absence of intraoperative CSF leakage. Four days after the operation, CSF leakage was suspected but showed improvement after 2 days of rest.
Three patients experienced postoperative general complications (cases 1, 6, 10). Case 1 was complicated by aspiration pneumonia and cystitis. This induced an adrenal crisis due to cortisol deficiency. Hydrocortisone administration improved the adrenal crisis, but pulmonary edema and renal failure were prolonged. In case 6, heart failure, from which patient had suffered before, transiently deteriorated postoperatively and required medical treatment. In case 10 [ Figure 2 ], the patient developed left thalamic infarction postoperatively and consciousness disturbance lasted for 1 week. After 1 month, he had recovered sufficiently to move around in a wheelchair without assistance and was transferred to a rehabilitation hospital. However, he died from pneumonia 1 month after the transfer.
Follow-up results
Follow-up periods ranged from 1 to 87 months with a mean of 34.4 ± 24.1 months. One patient (case 8) suffered from regrowth of a residual tumor and underwent re-operation. The other patients did not suffer from deterioration of their visual function after surgery. None of the patients underwent gamma knife radiosurgery in follow-up periods. The time course of KPS from preoperative to final survey time is shown in Table 3 . Two patients died during the follow-up period (cases 1, 10). In Case 1, patient died from pneumonia 27 months after discharge. Deterioration of KPS in the follow-up period was observed in 2 patients (cases 3, 4), but in both the cause of deterioration was thought to be worsening of the general condition by aging.
Comparison with patients younger than 80 years old
In the present study, all PAs in the patients aged 80 years or older were nonfunctioning, therefore, we compared these patients with nonfunctioning PA patients younger than 80. From January 2001 through December 2014, we performed ETSS for consecutive 150 nonfunctioning PA patients younger than 80, with a mean age of 60.0 ± 12.4 years. Table 4 shows a comparison of the patients aged 80 years or older and those younger than 80 years old. The percentage of total removal was significantly higher in the younger patient group than that in the older one (54.0% vs 16.6%, respectively; P = 0.016), reflecting the policy to decompress the optic nerve as much as possible within the safe range, not seeking total removal in elderly patients. Visual improvement was observed in 91.7% of the patients aged 80 years or older and 93.2% of the younger patients; this difference was not significant. Postoperative complications, especially CSF leakage, were observed more frequently in patients aged 80 years or older. CSF leakage was significantly more frequent in these patients. (P = 0.014) Permanent DI was not observed in the older patient group.
Length of postoperative hospital stay of these patients was longer than that of the patients younger than 80 (19.0 ± 8.5 days vs 12.5 ± 6.4 days, respectively; P = 0.001).
DISCUSSION
In a rapidly aging society such as Japan, the population of people aged 75 years or older is expected to rise to 2.179 million (18.1%) by 2025. [20] Also, the number of PA diagnosed in elderly patients is estimated to increase. However, it has not been demonstrated that pituitary surgery is effective and safe for patients aged 80 years or older. ETSS has been adopted and is reported to provide decreased invasiveness, better visualization, quicker recovery, and fewer complications compared to that provided by the traditional microscopic transsphenoidal surgery. However, there is no report on the performance of pure ETSS for these elderly PA patients. [3, 25, 32] 
Surgical outcome
The present study shows that ETSS for PA in patients aged 80 years or older is effective enough to improve compression symptoms caused by the tumor. Though we did not dare to remove the entire tumor to decompress the optic nerve first, visual improvement was observed in 91.7%, which was almost the same as the result in patients younger than 80 years of age (93.2%). One patient underwent re-operation for symptom recurrence, but the other patients did not require re-operation or gamma knife radiosurgery during the follow-up period.
Yunoue et al. reported the good outcome of endoscopy-assisted microscopic transsphenoidal surgery in 10 patients aged 80 years or older. [31] In that series, total, subtotal, and partial removals were performed in 7, 2, and 1 patient, respectively. The visual disturbance seen preoperatively was improved in all patients, and no regrowth of residual tumor was detected during the follow-up with a mean of 37.9 months. Postoperative KPS was not deteriorated from the preoperative figures in all patients. In that series, the maximum tumor diameter ranged from 20 to 39.3 mm with mean of 28.5 mm ± 5.79 (SD), and Knosp grade of IV was identified in 1 patient. On the contrary, in our series, there were 3 patients with giant PA (>40 mm) and 5 patients with Knosp grade of IV. This indicates that our series included more aggressive cases. Thus, our series are not necessarily typical cases of PA patients aged 80 years or older, but our series together with Yunoues' series indicate that transsphenoidal surgery is effective for various types of PA patients aged 80 years or older.
Treatment outcomes of pure ETSS for PA have been reported in patients aged 65 or 70 years or older. [7, 32] In these reports, pure ETSS was also considered to be an efficient and safe treatment for PA in elderly patients.
The present study is the first study revealing the effectivity of pure ETSS for PA patients aged 80 years or older. Considering the slow growing nature of PA, especially in the elderly and their limited life expectancy, our policy of decompression as much as possible within the safe range, in which total removal is not always sought, may have validity. [17, 24, 26] Subtotal and partial removal provided sufficient decompression of the optic nerve and prolonged the progression-free status.
Surgical complications
Postoperative complications were observed more frequently in the elderly patients studied in the present report. In particular, CSF leakage was significantly more frequent (25%).
It has been previously reported that more postoperative complications occur in elderly people than that in young people. [7] [8] [9] Gondim et al. reported that, after ETSS for PA, patients aged 70 years or older have more complications than those younger than 60 years of age (32.7% vs 10%, respectively). [7] Previously published rates of postoperative CSF leakage after surgery for PA vary from 0.5% to 6.0% and in the elderly population studies they vary from 4.9% to 15.6%. [1, 5, 8, 15, 18] In the present study, 3 patients suffered from postoperative CSF leakage, including 1 patient with recurrent tumor and 2 patients with a giant PA. Surgery for recurrent tumor has been reported to be an independent risk factor for postoperative CSF leakage. [29, 30] Transsphenoidal surgery for giant PA requires extended resection of the sellar floor; therefore, large cranial base defects have a higher rate of postoperative CSF leakage. [2, 6, 11] These reasons may have contributed to the relatively high incidence of CSF leakage rather than influence of old age in our analysis.
Although we have removed tumors to prevent CSF leakage, in cases of recurrent or giant PA, a pedicled mucosal flap to reconstruct the skull base should be prepared regardless of CSF leakage during surgery.
Previous reports have indicated that postoperative new anterior hypopituitarism occurred in 1.4-19.8% of the patients. [1, 18, 32] In our analysis, two cases (16.7%) aged 80 years or older suffered from postoperative additional hormone deficiency. This occurrence rate was same as that reported previously and that of the patients younger than 80 years old (10.0%). No patient suffered from permanent DI. Considering that our patients aged 80 years or older included many aggressive PA, these results indicate that our surgical procedure for PA patients aged 80 years or older is effective.
Although postoperative hormone replacement was required in 8 patients, none of the patients required additional treatment with symptoms of hormone deficiency in the follow-up period after discharge. Hormone deficiency had been well controlled with oral medicine at discharge. Zhan et al. reported that there was no difference between patients aged 65 years or older and 40-55 years old in postoperative new anterior hypopituitarism occurrence, but there is no report on patients aged 80 years or older. [32] Elderly patients have been reported to have a higher rate of preoperative hypopituitarism and a lower rate of its remission, and therefore appropriate assessment of pituitary function and long-term follow-up is required. [5, 7, 19, 23, 31] In the present study, postoperative hospital stay was longer in patients aged 80 years or older due to the therapy for postoperative complications. In the follow-up period, poor prognosis was observed in 2 patients (cases 1, 10). In case 10, with a giant PA, left thalamic infarction was thought to occur by stretching or kinking of the thalamotuberal arteries caused by tumor reduction. The surgery-related left thalamic infarction affected prognosis. Giant PA has been reported to have more postoperative complications than nongiant PA, therefore the poor prognosis in case 10 was likely to be due to the characteristics of the tumor itself rather than the influence of old age. [2, 6, 11] In case 1, postoperative aspiration pneumonia gave rise to a deterioration of the general condition and subsequent poor prognosis 27 months after discharge. Old age and comorbidities such as diabetes mellitus and cardiomyopathy may have caused worsening of the pneumonia. The other patients followed favorable courses, even though in 2 patients (cases 4, 6) KPS was temporarily deteriorated at discharge. ETSS-specific surgical complications such as CSF leakage and postoperative hormone deficiency had not affected patients' prognosis.
Study limitations
Our study has several limitations. To begin, this study is a retrospective study of data that were acquired previously, and it has the inherent limitations of this kind of studies. Second, the number of cases is small. Third, the follow-up period of some patients may have been short. Considering that recurrence of PA can occur many years after surgery, a longer follow-up is required.
CONCLUSION
Pure endoscopic endonasal surgery is an effective and safe surgical technique in terms of visual function recovery even in PA patients aged 80 years or older. Considering the slow-growing nature of PA in the elderly and the limited life expectancy of the elderly, it is not always necessary to aggressively perform total removal of the tumor; this is in contrast to the situation in young people. Subtotal and partial removal provides sufficient decompression of the optic nerve and a prolonged progression-free status without postoperative complications influencing the long-term prognosis. Elderly age would not preclude such patients from undergoing vision-saving surgery as needed when their general condition is well preserved.
